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METHOD AND APPARATUS FOR DETERMINING CONSUMABLE LIFETIME 

Cross-Refere nce to Related APDlications 

[0001] This application claims priority and is related to U.S. Provisional Application 
Serial No. 60/434,657. filed on December 20. 2002. The contents of these 
applications are incorporated herein by reference. 



Field of the Inventinn 
[0002]The present invention relates to a method and apparatus for detemiining 
consumable lifetime in an erosive environment, and more particularly to a method 
and apparatus for determining the lifetime of a consumable gas Injection component. 

Backoround of the Invp^ntinn 
[0003] In semiconductor manufacturing, plasma is often employed to create and 
assist surface chemistry within a plasma reactor necessary to remove material from 
and deposit material to a substrate. In general, plasma is fomied within tiie plasma 
reactor under vacuum conditions by heating electrons to energies sufficient to 
sustain Ionizing collisions with a supplied process gas. Moreover, the heated 
electrons can have energy sufficient to sustain dissociative collisions and. therefore, 
a specific set of gases under predetemiined conditions (e.g.. chamber pressure, gas 
flow rate, etc.) are chosen to produce a population of charged species and 
chemically reactive species suitable to the particular process being performed within 
the chamber (e.g.. etching processes where materials are removed from the 
substrate or deposition processes where materials are added to the substrate). One 
pre-requisite to ensuring a unifomi process includes a uniform injection of process 
gas to the plasma chemistry above the substrate. FIG. 1 presents a showerhead- 
type gas injection system 1 comprising a gas injection assembly body 10. a gas 
inject plate 12. and optionally one or more baffle plates 14 installed within gas 
injection plenum 16. In general, the gas injection assembly body 10. the gas Inject 
plate 12, and the one or more baffle plates are fabricated from aluminum. The 
process gas can be supplied to the gas Injection plenum 16 via a mass flow 
controller 30 and/or p/essure regulator 32 In order to minimize the damage 
sustained by exposure to the processing plasma, a consumable or replaceable 
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component can be inserted within the processing chamber to protect the surfaces of 
more valuable components that would impose greater costs during frequent 
replacement. Therefore, the gas injection system 1 depicted in FIG. 1 can further 
comprise a consumable gas inject plate 20. The consumable gas Inject plate 20 can 
be fabricated from materials such as siiloon, quartz, sapphire, alumina, carbon, 
silicon carbide, etc. In general, it is desirable to select surface materials that during 
erosion minimize the Introduction of unwanted contaminants, Impurities, etc. to the 
processing plasma and possibly to the devices formed on the substrate. As a result 
of their consumable nature, the erosion of exposed components in the plasma 
processing system can lead to a gradual degradation of the plasma processing 
performance and ultimately to complete failure of the system. Therefore, it is 
important to properly maintain these components. For instance, these consumables 
or replaceable components are typically considered as part of a process kit that is 
frequently maintained during system cleaning. In manufacturing environments, 
consumable components, such as the consumable gas inject plate 20, are replaced 
during pre-determined maintenance intervals, which are often dictated by a measure 
of usage such as the number of RF hours. Since the measure of usage is 
determined conservatively, consumable components can be replaced before the end 
of their lifetime, hence, leading to increased manufacturing costs, downtime, etc. 

Summarv of the Invention 

[0003] A method and apparatus are described for detemiining consumable lifetime, 
and particularly a method and apparatus for detemnining a lifetime of a consumable 
gas Injection component. 

[0004] More particulariy, a gas injection system in. a plasma processing device is 
described comprising: a gas injection assembly body configured to receive a process 
gas from one or more mass flow controllers; a consumable gas inject plate coupled 
to the gas injection assembly body, the consumable gas inject plate comprising one 
or more orifices to distribute the process gas to the plasma processing device; a 
pressure sensor coupled to the gas injection assembly body and configured to 
measure a gas injection pressure within a gas injection plenum formed by the gas 
injection assembly body and the consumable gas inject plate; and a controller 
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coupled to the pressure sensor and configured to detemiine a state of the 
consumable gas inject plate from a change in the gas injection pressure. 
[0006] Additionally, a method of determining the state of a gas Injection system in a 
plasma processing device comprises: changing a process parameter In the plasma 
processing device to affect a change of a gas InjecUon pressure in the gas injection; 
measuring a response time conresponding to a change of the gas injection pressure 
using the pressure sensor, wherein the response time corresponds to a first time 
duration when the consumable gas inject plate has not been eroded and the 
response time corresponds to a second time duration when the consumable gas 
inject plate has been eroded; and comparing the response time to at least one of the 
first and second time durations in order to determine the state of the gas injection 
system. 



Brief Description of the Drawings 

[0007]These and other advantages of the invention will become more apparent and 
more readily appreciated from the following detailed description of the exemplary 
embodiments of the invention tal<en in conjunction with the accompanying drawings, 
where: 

[0008] FIG. 1 shows a schematic representation of a typical gas injection system for 
a plasma processing device; 

[0009] FIG. 2 shows a block diagram of a plasma processing device In accordance 
with an embodiment of the present invention; 

[0010] FIG. 3 shows a block diagram of a plasma processing device in accordance 
with another embodiment of the present Invention; 

[0011] FIG. 4 shows a block diagram of a plasma processing device in accordance 
with another embodiment of the present Invention; 

[0012] FIG. 5 shows a block diagram of a plasma processing device in accordance 
with another embodiment of the present invention; 

[0013] FIG. 6 shows a block diagram of a plasma processing device in accordance 
with another embodiment of the present invention; 

[0014] FIG. 7A shows a schematic representation of a gas injection system for a 
plasma processing device in accordance with another embodiment of the present 
invention; 
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[001 5] FIG. 7B shows a schematic representation of a gas Injection system for a 
plasma processing device In accordance with another embodiment of the present 
Invention; 

[0016]FIGs. 8A and 8B show simplified schematic diagrams of a non-eroded and an 
eroded orifice, respectively, In a gas injection system In accordance with another 
embodiment of the present Invention; 

[001 7] FIG. 8C shows a schematic diagram of a response curve for a measurement 
system coupled to a gas injection system In accordance with an embodiment of the 
present invention; 

[001 8] FIG. 9A shows another schematic representation of a gas injection system for 
a plasma processing device In accordance with an embodiment of the present 
invention; 

[0019] FIG. 9B shows another schematic representation of a gas injection system for 
a plasma processing device in accordance with an embodiment of the present 
invention; and 

[0020] FIG. 10 presents a method of detennining a consumable lifetime for a gas 
injection component In accordance with an embodiment of the present Invention. 

Detailed Description of an Embodiment 

[0021] A plasma processing device 100 is depicted in FIG. 2 comprising a plasma 
processing chamber 110, a gas injection system 101 coupled to the plasma 
processing chamber 1 10, a diagnostic system 112 coupled to the gas Injection 
system 101 of the plasma processing chamber 110, and a controller 1 14 coupled to 
the diagnostic system 1 12 and the plasma processing chamber 110. The controller 
1 14 is configured to receive one or more signals from the diagnostic system 112. 
process the one or more signals, and determine a status of the gas Injection system 
101 and Its consumable components. In the Illustrated embodiment, plasma 
processing device 100, depleted In FIG. 2, utilizes a plasma for material processing. 
Desirably, plasma processing device 100 comprises an etch chamber. 
[0022] According to the Illustrated embodiment depicted In FIG. 3. plasma 
processing device 100 can comprise plasma processing chamber 110, gas injection 
system 101, substrate holder 120, upon which a substrate 125 to be processed is 
affixed, and vacuum pumping system 130. Substrate 125 can be, for example, a 
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semiconductor substrate, a wafer or a liquid crystal display. Plasma processing 
chamber 1 1 0 can be, for example, configured to facilitate the generation of plasma In 
processing region 115 adjacent a surface of substrate 125. An ionizable gas or 
mixture of gases is introduced via gas injection system 101 and the process 
pressure is adjusted. Additionally, a control mechanism (not shown) can be used to 
throtUe the vacuum pumping system 130. Desirably, plasma is utilized to create 
materials specific to a pre-detemiined materials process, and/or to aid the removal of 
material from the exposed surfaces of substrate 125. The plasma processing device 
100 can be configured to process 200 mm substrates. 300 mm substrates, or larger. 
r0023] Substrate 125 can be. for example, affixed to the substrate holder 120 via an 
electrostatic clamping system. Furthermore, substrate holder 120 can, for example, 
further include a cooling system including a re-circulating coolant flow that receives ' 
heat from substrate holder 120 and transfers heat to a heat exchanger system (not 
shown), or when heating, transfers heat from the heat exchanger system. Moreover, 
gas can. for example, be delivered to the back-side of substrate 125 via a backside 
gas system to improve the gas-gap thermal conductance between substrate 125 and 
substrate holder 120. Such a system can be utilized when temperature control of the 
substrate is required at elevated or reduced temperatures. For example, the 
backside gas system can comprise a two-zone gas distribution system, wherein the 
helium gas gap pressure can be independently varied between the center and the 
edge of substrate 125. In other embodiments, heating/cooling elements, such as 
resistive heating elements, or thermo-electric heaters/coolers can be included in the 
substrate holder 120. as well as the chamber wall of the plasma processing chamber 
110 and any other component within the plasma processing device 100. 
[00241ln the Illustrated embodiment, shown in FIG. 3, substrate holder 120 can 
comprise an electrode through which RF power is coupled to the processing plasma 
In process space 115. For example, substrate holder 120 can be electrically biased 
at a RF voltage via the transmission of RF power from a RF generator 140 through 
an Impedance match network 150 to substrate holder 120. The RF bias can serve to 
heat electrons to fomi and maintain plasma. In this configuration, the system can 
operate as a reactive ion etch (RIE) reactor, wherein the chamber and upper gas 
Injection electrode serve as ground surfaces. A typical frequency for the RF bias can 
range from 0.1 MHz to 100 MHz. RF systems for plasma processing are well known 
to those skilled in the art. 
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[0025] Alternately. RF power Is applied to the substrate holder electrode at multiple 
frequencies. Furthermore, Impedance match network 150 serves to maximize the 
transfer of RF power to plasma in plasma processing chaml)er 1 10 by minimizing the 
reflected power. Match network topologies (e.g. L-type. n-type, T-type, etc.) and 
automatic control methods are well known to those skilled in the art. 
[0026]Vacuum pump system 130 can, for example. Include a turbo-molecular 
vacuum pump (TMP) capable of a pumping speed up to 5000 liters per second (and 
greater) and a gate valve for throttling the chamber pressure. In conventional 
plasma processing devices utilized for dry plasma etch, a 1000 to 3000 liter per 
second TMP is generally employed. TMPs are useful for low pressure processing, 
typically less than 50 mTorr. At higher pressures, the TMP pumping speed falls off 
dramatically. For high pressure processing (i.e., greater than 100 mTorr), a 
mechanical booster pump and dry roughing pump can be used. Furthermore, a 
device for monitoring chamber pressure (not shown) can be coupled to the plasma 
processing chamber 110. The pressure measuring device can be. for example, a 
Type 628B Baratron absolute capacitance manometer commercially available from 
MKS Instruments. Inc. (Andoyer, MA). 

[0027] Controller 1 14 comprises a microprocessor, memory, and a digital I/O port 
capable of generating control voltages sufficient to communicate and activate inputs 
to plasma processing device 100 as well as monitor outputs from plasma processing 
device 100. Moreover, controller 114 can be coupled to and can exchange 
Infomiation with RF generator 140. impedance match network 150, the gas injection 
system 101, diagnostic system 1 12, vacuum pump system 130, as well as the 
backside gas delivery system (not shown), the substrate/substrate holder 
temperature measurement system (not shown), and the electrostatic clamping 
system (not shown). For example, a program stored in the memory can be utilized 
to activate the inputs to the aforementioned components of plasma processing 
device 100 according to a process. In addition, controller 1 14 can be configured to 
receive one or more signals from the diagnostic system 1 12, process the one or 
more signals, and detemiine a state of the gas Injection system 101 and its 
consumable components. One example of controller 114 Is a DELL PRECISION 
WORKSTATION 610™ , available from Dell Corporation, Austin, Texas. 
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[0028] In the illustrated embodiment, shown in FIG. 4, the plasma processing device 
100 can, for example, further comprise either a stationary, or mechanically or 
electrically rotating magnetic field system 160. In order to potentially increase plasma 
density and/or improve plasma processing uniformity, in addition to those 
components described with reference to FIG. 2 and FIG. 3. Moreover, controller 114 
can be coupled to magnetic field system 160 In order to regulate the speed of 
rotation and field strength. The design and implementation of a rotating magnetic 
field is well known to those skilled In the art. 

[0029] In the illustrated embodiment, shown in FIG. 5, the plasma processing device 
100 of FIG. 2 and FIG. 3 can, for example, further comprise an upper electrode 170 
to which RF power can be coupled from RF generator 172 through impedance match 
network 174. A typical frequency for the application of RF power to the upper 
electrode can range from 0.1 MHz to 200 MHz. Additionally, a typical frequency for 
the application of power to the lower electrode can range from 0.1 MHz to 100 MHz. 
Moreover, controller 114 is coupled to RF generator 172 and impedance match 
network 174 in order to control the application of RF power to upper electrode 170. 
The design and implementation of an upper electrode is well known to those skilled 
in the art. 

[0030] In the Illustrated embodiment, shown in FIG. 6, the plasma processing system 
of FIG. 3 can, for example, further comprise an inductive coll 180 to which RF power 
is coupled via RF generator 182 through impedance match network 184. RF power 
is inductively coupled from inductive coil 180 through dielectric window (not shown) 
to plasma processing region 1 15. A typical frequency for the application of RF 
power to the inductive coil 180 can range from 10 MHz to 100 MHz. Similariy, a 
typical frequency for the application of power to the chuck electrode can range from 
0.1 MHz to 100 MHz. In addition, a slotted Faraday shield (not shown) can be 
employed to reduce capacitive coupling between the inductive coil 180 and plasma. 
Moreover, controller 114 Is coupled to RF generator 182 and Impedance match 
network 184 in order to control the application of power to inductive coil 180. In an 
alternate embodiment, inductive coil 180 can be a "spiral" coil or "pancake" coll In 
communication with the plasma processing region 115 from above as in a 
transformer coupled plasma (TCP) reactor. The design and implementation of an 
inductively coupled plasma (ICR) source, or transformer coupled plasma (TCP) 
source, is well known to those skilled in the art. 
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[0031] Alternately, the plasma can be formed using electron cyclotron resonance 
(ECR). In yet another embodiment, the plasma is formed from the launching of a 
Helicon wave. In yet another embodiment, the plasma is formed from a propagating 
surface wave. Each plasma source described above is well known to those skilled In 

the art. 

C0032]Refemng now to FIG. 7A. the gas injection system 101 is presented In greater 
detail. Gas injection system 101 comprises a gas Injection assembly body 210, a 
gas Inject plate 212. optionally one or more baffle plates 214 may be installed within 
gas Injection plenum 216. and a pressure sensor 220 coupled to the gas injection 
plenum 216. In general, the gas injection assembly body 210, the gas inject plate 
212, and the one or more baffle plates 214 can, for example, be fabricated from 
aluminum, or similar material. However, in order to minimize the damage sustained 
by exposure to a processing plasma, a consumable or replaceable component can 
be inserted within the processing chamber to protect the surfaces of more valuable 
components that would impose greater costs during frequent replacement. For 
example, the gas injection system 101. depicted in FIG. 7A, can further comprise a - 
consumable component such as gas inject plate 230. The consumable gas inject 
plate 230 can be fabricated from materials such as silicon, quartz, sapphire, alumina, 
cariDon, silicon cart)lde, anodlzed aluminum, aluminum coated with polyimide, 
aluminum coated with Teflon, and spray coated aluminum. For example, a spray 
coating can comprise at least one of AI2O3 and Y2O3. In another embodiment, the 
spray coated layer comprises at least one of a Ill-column element (column III of 
periodic table) and a Lanthanon element. In another embodiment, the Ill-column 
element comprises at least one of Yttrium, Scandium, and Lanthanum. In another 
embodiment, the Lanthanon element comprises at least one of Cerium, Dysprosium, 
and Europium. In another embodiment, the compound forming the spray coated 
layer comprises at least one of Yttria (Y2O3), SC2O3. SC2F3. YF3. LazOs. CeOa, EU2O3. 
and Dy03. In general, it Is desirable to select surface materials that, during erosion, ' 
minimize the introduction of unwanted contaminants. Impurities, etc. to the 
processing plasma and possibly to the devices fomied on the substrate. 
[0033]The pressure sensor 220 can, for example, be a Type 628B Baratron absolute 
capacitance manometer commercially available from MKS Instruments, Inc. 
(Andover, MA). As shown in FIG. 2. gas injection system 101 further comprises one 
or more mass flow controllers 240 and pressure regulators (or valves) 242 coupled 
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to the gas injection assembly body 210 in order to supply a process gas or mixture of 
gases to the gas injection plenum 216. 

[0034]A!temately, as shown in FIG. 7B, gas injection system 101 does not Include 
gas inject plate 212, and consumable gas inject plate 230 can couple directly to the 
gas injection assembly body 210. 

[0035] FIG. 8A depicts a cross-section of a non-eroded orifice 260 extending through 
gas Inject plate 212. FIG. 8B depicts the same orifice 260 after it has been eroded 
during processing. Before processing, the orlfice(s) 260 extending through 
consumable gas Inject plate 230 have yet to be exposed to plasma and. therefore, 
are not yet eroded. However, after significant processing, the erosion of the 
consumable gas Inject plate 230, particularly proximate the orifice exit(s), affects 
substantial changes to the orifice diameter 262 (cross-section) as depicted in FIG. 
8B. Typically, the orifice diameter 262 at the exit is drastically enlarged and the 
orifice length is shortened. For example, an orifice with length 5 mm and diameter 
0.5 mm (i.e. aspect ratio of 10) formed within a silicon plate can be eroded to the 
extent shown in FIG. 8B within approximately 260 RF hours. 
[0036] Due to the change in orifice length and diameter, the flow conductance C of 
the orifice(s) 260 changes predominantly In Inverse proportion to the length and 
directly proportional to the diameter to third power for a free molecular flow and to 
the fourth power for a continuum flow. Therefore, during any change In processing 
pressure or mass flow rate, the response of the pressure P in the gas injection 
plenum 216 depends primarily upon the volume of the gas injection plenum 216 
(fixed) and the net conductance of the orlfice(s) 260 in the consumable gas inject 
plate 230. 

[0037] For example, during vacuum pump-down following wafer exchange with the 
transfer system (not shown) and preceding the initiation of a process gas flow rate, 
the vacuum pressure within the processing system is reduced (possibly to a base 
pressure) and, subsequently, the gas injection plenum pressure P is reduced, 
however, following a delay At. FIG. 8C presents an exemplary time trace depicting 
the response of the pressure P measured using the pressure sensor coupled to the 
gas Injection plenum 216 during a change In processing pressure. In the case where 
the oriflce(s) 260 has eroded (i.e. during an eroded state) and the flow conductance 
has subsequently increased, the response time, or delay, decreases from AtA to Ate. 
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For instance, with a cliange in chamber (processing) pressure or mass flow rate, the 
response time for 300 - 0.5 mm diameter. 10 mm long orifices coupled to a gas ' 
injection plenum with height 26.4 mm and diameter 300 mm is approximately 5 
seconds. The change In response time, or delay, can be conflated with the state of 
the consumable Inject plate 230. For example, when the time response, or delay, 
falls below a pre-determined threshold, then It is time to replace the consumable gas 
Inject plate and an operator is notified. 

[0038] In an alternate embodiment, FIGs. 9A and 9B present a gas injection system 
101 similar In design to that described in FIGs. 7A and 7B except that pressure 
sensor 220 is directly coupled to one or more test orifices 280. As shown in FIG. 9A. 
a test conduit 270 is formed within an extension 272 of gas inject plate 212 and, 
optionally, a vacuum seal is achieved between an upper surface 274 of extension 
272 and a lower surface 276 of gas injection assembly body 210 using an 
(elastomer) O-ring 278. Altemately, as shown in FIG. 9B, a test conduit 270 is 
fomied within an extension 290 of gas Injection assembly body 210. 
[0039]FIG. 10 presents a method of determining the lifetime of a consumable by 
monitoring the gas injection pressure. For example, the consumable can comprise 
the consumable gas inject plate as described in FIGs. 2 through 9B. A procedure 
500 begins in step 510 with facilitating a change In a process parameter. The 
process parameter comprises at least one of a processing pressure in the plasma 
processing chamber of the plasma processing device, and a mass flow rate of the 
process gas coupled to the plasma processing chamber of the plasma processing 
device. The change in the process parameter can be imposed, for example, by: 
changing the mass flow rate from one processing step to another processing step, 
changing the processing pressure from one processing step to another processing 
step, initiating a mass flow rate of process gas following the loading of a new 
substrate, or reducing the processing pressure following the loading of a new 
substrate and preceding the initiation of the mass flow rate of process gas. 
[0040] In step 520. a response time is determined from a time trace of the gas 
injection pressure measured using the pressure sensor coupled to the gas injection 
system, or an nth derivative of the respective time trace. When the one or more 
orifices of the consumable gas Inject plate correspond to a non-eroded state, the 
response time exhibits a first time delay AtA in a first time trace. For example, the 
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consumable gas inject plate has not been eroded when It is either first installed or 
replaced, and it has yet to be exposed to an erosive environment, such as plasma. 
When the one or more orifices of the consumable gas Inject plate correspond to an 
eroded state, the response time exhibits a second time delay Ate In a second time 
trace. For example, the consumable gas inject plate has been eroded once it is 
exposed to an erosive environment, such as plasma, during the processing of one or 
more substrates In the plasma processing device. 

[0041] In step 530, the measured response time is compared to the first time delay to 
detemilne the state of the qonsumable gas inject plate of the gas injection system. 
In general, If one or more orifices of the consumable gas inject plate erode, the 
measured response time is less than the first time delay. In one embodiment, the 
state of the consumable gas inject plate comprises a partially eroded state when the 
measured response time ranges from 25% to 75% of the first time delay. For 
example, a partially eroded state can require notification of an operator and a 
recommendation for replacement of the consumable gas Inject plate. In another 
embodiment, the state of the consumable gas inject plate comprises a fully eroded 
state when the measured response time Is less than 25% of the first time delay. 
(This lower threshold can be considered as a second delay time against which the 
measured response time can be compared.) For example, a fully eroded state can 
require immediate notification of an operator and replacement of the consumable 
gas inject plate. 

[0042] In an altemate embodiment, a first response time can be measured for a first 
location on the consumable gas inject plate, and a second response time can be 
measured for a second location on the consumable gas inject plate. For example, 
the first location can comprise at least one orifice proximate the center of the 
consumable gas inject plate, and the second location can comprise at least one 
orifice proximate the edge of the consumable gas inject plate. The first and second 
measured response times can be utilized to detemnine a uniformity of the process for 
each substrate processed. The resultant unlfonnrty can be monitored from run-to- 
run, or batch-to-batch, to ensure that the process is performed within acceptable 
ranges. When a deviation in the process uniformity exceeds a pre-determlned 
threshold, the operator can be notified for system maintenance. 
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[0043] Although only certain exemplary embodiments of this invention have been 
described in detail above, those skilled in the art will readily appreciate that many 
modifications are possible in the exemplary embodiments without materially 
departing from the novel teachings and advantages of this Invention. Accordingly, ail 
such modifications are Intended to be included within the scope of this invention. 
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